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Purpose: Although subchondral cysts (SCs) represent a common ﬁnding
in osteoarthritic knees, their etiology is still controversial. The synovial
ﬂuid intrusion theory suggests that elevated intraarticular pressure leads
to intrusion of synovial ﬂuid into the bone through gaps in the articular
surface with subsequent bone resorption. The bony contusion theory
suggests that SCs are foci of bone necrosis produced by impact between
opposing articular surfaces. The detection of small lesions is crucial to
understand the pathogenesis of SCs, as large lesions are usually found in
end-stage disease. MRI is more sensitive to detect small SCs than x-ray,
demonstrating well-deﬁned rounded areas of ﬂuid-like signal intensity
on non enhanced imaging. We assessed the association of SCs with
subchondral bone marrow edema-like lesions (BMLs), as well as the
cartilage status in the same subregions where SCs were observed in
order to evaluate the bony contusion vs. the synovial ﬂuid intrusion theory
of SC formation.
Methods: The Multicenter Osteoarthritis (MOST) Study is a NIH-funded
longitudinal observational study of individuals who have or are at high risk
for knee OA. MRI scans were performed on a 1.0T extremity system (ONI
Medical Systems, OrthOneTM) using axial and sagittal proton density
weighted fat suppressed sequences and a coronal STIR sequence.
The sample used for the analysis was a cross-sectional subset of the
MRI examinations from the 30-month follow-up visit. MRIs were read
using the WORMS system by two musculoskeletal radiologists (MDC,
MDM). The tibiofemoral joint was subdivided into 10 subregions and the
patellofemoral joint was subdivided into 4 subregions. SCs and BMLs
were scored semiquantitatively from 0 to 3 in each of the 14 subregions. In
subregions where SCs were present, the cartilage status was categorized
as 0=normal, 1 = partial-thickness loss, and 2= full thickness loss. We
evaluated the cross-sectional association of prevalent BMLs (score >0)
with the presence of prevalent SCs (score >0) on a per-subregion basis
using logistic regression with generalized estimating equations to account
for correlations among the subregions within a knee (using one knee per
person). We then evaluated the distribution of SCs in subregions with
normal adjacent cartilage, partial-thickness loss, and full-thickness loss
of adjacent cartilage.
Results: 400 knees (5600 subregions) were included in the analy-
sis (women: 46.2%, mean age 58.8±7.1, mean BMI 29.5±4.9). SCs
were detected in 260 subregions (4.6%) and BMLs were detected in
757 subregions (13.5%). 84.6% of detected SCs were grade 1 lesions.
The presence of any BMLs was associated with an odds ratio of 83.5
(95% conﬁdence intervals 42.5–164; p< 0.0001) for presence of SCs
in the same subregion. A larger size of BMLs was associated with an
increased prevalence of SCs (Table 1). SCs were detected in 121 subre-
gions (46.5%) without full-thickness cartilage loss.
Conclusions: Subchondral BMLs are strongly associated with SCs in
the same subregion, supporting the bony contusion theory of SCs for-
mation. A substantial amount of SCs were located in subregions without
full-thickness cartilage loss, which does not support the synovial ﬂuid
intrusion theory of SCs formation.
Table 1: Cross-sectional association between BMLs and SCs in the same subregion
BMLs status in subregions SCs status in subregions OR
(400 knees, 5600 subregions) Absence
(grade 0)
(N=5340; 95.3%)
Presence
(grade 1)
(N=260; 4.7%)
(95% conﬁdence interval)
Grade 0
(N=4843; 86.5%)
4820 (99.5%) 23 (0.5%) 1.0 (reference)
Any Grade 1
(N=757; 13.5%)
520 (68.7%) 237 (31.3%) 83.5 (42.5–164)
p< 0.0001
Grade 1
(N=425; 56.1%)
352 (82.8%) 73 (17.2%) 54.1 (26.4–110.9)
p< 0.0001
Grade 2
(N=193; 25.5%)
114 (59.1%) 79 (40.9%) 78.5 (16.2–380.6)
p< 0.0001
Grade 3
(N=139; 18.4%)
54 (38.8%) 85 (61.2%) 479.4 (216.2–1063)
p< 0.0001
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Purpose: Subchondral bone attrition (SBA) is radiologically deﬁned as
depression or ﬂattening of the subchondral bony surface unrelated to
gross fracture. It has been demonstrated that subchondral bone marrow
edema-like lesions (BMLs) in osteoarthritis (OA) are related to chronic fo-
cal overloading. As it is unknown what causes SBA in OA, one explanation
could be subchondral remodeling processes and microfractures due to
overload. The alteration of the osseous surface contour would be a result
of these subchondral remodeling processes that histologically include
necrosis, ﬁbrosis and focal osseous collapse. Hence, we evaluated the
association of subchondral BMLs at baseline (BL) with prevalent SBA in
the same subregion cross-sectionally and with incident SBA longitudinally.
Methods: The Multicenter Osteoarthritis (MOST) Study is a NIH-funded
longitudinal observational study of individuals who have or are at high
risk for knee OA. All subjects with available BL and 30-months follow-up
(FU) MRIs were included. The MRI protocol included axial and sagittal
proton-density weighted fat-suppressed fast spin echo and a coronal
STIR sequence. MRI was performed at a 1.0 T extremity system (ONI
Medical Systems, OrthOneTM). Two musculoskeletal radiologists read
the MRIs (FWR, AG) according to the WORMS scoring system. The
tibiofemoral joint was subdivided into 10 subregions. Subchondral BMLs
were scored semiquantitatively from 0 to 3 at baseline. SBA was scored
from 0 to 3 in the same subregions at baseline and at follow-up.
We evaluated the association of prevalent BMLs (score >0) at baseline
with the presence of prevalent and incident SBA (score >0) on a per-
subregion basis using logistic regression with generalized estimating
equations to account for correlations among the subregions within a knee
(using one knee per person). All analyses were adjusted for age, gender,
BMI and ethnicity. Subregions without subchondral BMLs at BL were
deﬁned as the reference group for the analysis. We also cross-sectionally
evaluated the association of BML grade severity and presence of BL SBA.
Results: 1025 knees (1 knee/subject) were included and 10245 subre-
gions analyzed at BL. 944 (9.2%) subregions exhibited a BML at BL.
909 (8.9%) subregions showed prevalent SBA.
The adjusted odds ratio (OR) for prevalent SBA for subregions with
prevalent BMLs was 18.8, 95% conﬁdence intervals (95%CI) [15.9,
22.4] when compared to subregions without BMLs at BL. Size of BL
BML was directly associated with an increased risk of prevalent SBA
(OR[95%CI] grade 1: 14.3 [11.8, 17.3], grade 2: 34.3 [24.0, 49.0], grade 3:
49.8 [29.8, 83.1]).
195 (1.9%) subregions exhibited incident SBA at FU. The adjusted OR
of incident SBA in the same subregion at 30-months FU for subregions
with BL BMLs was 5.3, 95%CI [3.6, 7.7] when compared to subregions
without BMLs at BL as the reference (Figure 1).
Figure 1: Example of incident subchondral bone attrition (SBA) in the
central medial tibia: (A) Sagittal proton density weighted fat suppressed
(PDFS) image. Baseline examination. Small subchondral one marrow
lesion (BML) (arrowhead) in the central subregion of the medial tibia.
No SBA or cartilage damage is observed. (B) Sagittal PDFS image. 30-
months follow-up examination, incident SBA, increasing concavity of the
articular surface in the central subregion of the medial tibia is depicted
(arrows). Note large subchondral BML (arrowheads) and cartilage loss in
the same subregion. (C) Coronal STIR image. 30-months follow-up exam-
ination. Subchondral SBA is visualized as ﬂattening of the subchondral
bone contour in the coronal plane (arrows).
Conclusions: Prevalent SBA is strongly associated with subchondral
BMLs in the same subregion and the risk of SBA prevalence is increasing
